SUMMARY During software requirements analysis, developers and stakeholders have many alternatives of requirements to be achieved and should make decisions to select an alternative out of them. There are two significant points to be considered for supporting these decision making processes in requirements analysis; 1) dependencies among alternatives and 2) evaluation based on multi-criteria and their trade-off. This paper proposes the technique to address the above two issues by using an extended version of goal-oriented analysis. In goal-oriented analysis, elicited goals and their dependencies are represented with an AND-OR acyclic directed graph. We use this technique to model the dependencies of the alternatives. Furthermore we associate attribute values and their propagation rules with nodes and edges in a goal graph in order to evaluate the alternatives with them. The attributes and their calculation rules greatly depend on the characteristics of a development project. Thus, in our approach, we select and use the attributes and their rules that can be appropriate for the project. TOPSIS method is adopted to show alternatives and their resulting attribute values.
Introduction
During software requirements analysis and design steps, analysts, designers and stakeholders have many alternatives of artifacts and should make decisions to select an alternatives out of them. For example, in requirements analysis, the analysts select the requirements that will be implemented as software, while the designers choose suitable software components to implement the software if they adopt component technology.
As an example, suppose that a requirements analyst elicits requirements from stakeholders using goal-oriented requirements analysis, one of the promising methodology for requirements elicitation [4] , [12] , [15] . In this methodology, customers' needs are modeled as goals to be achieved by software-intensive systems that will be developed, and the goals are decomposed and refined into a set of more concrete sub-goals. After finishing goal-oriented requirements analysis, the analyst obtains an acyclic (cycle-free) directed graph called goal graph. Its nodes express goals to be achieved by the system that will be developed and its edges represent logical dependency relationships between the connected goals. More concretely, a goal can be decomposed into a sub-goals, and the achievement of the sub-goals con- and as a result we get the cost 13 units (A. cost=13) to achieve the alternative in Internet Auction System. Gray colored nodes and edges in the figure are not selected as the alternative of this example.
Step 4-2 Integrating the Resulting Attribute Values After calculating all of the selected attribute values of the evaluated node for each alternative, we apply TOPSIS method to get an order to show our users. This step is shown as follows.
Composing a matrix
For each alternative, we compose a matrix D whose elements are the resulting attribute values that were selected for evaluation use. Let the matrix element xij be the value of j-th attribute for the i-th alternative.
Normalizing the matrix
We normalize the matrix D and get the matrix R. The element rij of the matrix R is as follows. net Auction.cost•h, which has been selected in Fig. 8 Fig. 2 . AHP (Analytic Hierarchy Process) [13] has been used to prioritize the elicited requirements [10] . In AHP, criteria and alternatives are evaluated independently by paircomparison. By normalizing the grades of pair-comparison results, weighted factors of the criteria and preference degrees of the alternative are calculated. One of the benefits of AHP is that we can select criteria without any restriction. However, the evaluation of the alternatives is done by fixed calculation rules and it does not reflect the dependencies among the alternatives. It may be applicable to deciding the weighted factors of attributes in our approach.
There are some mathematical techniques to find maximum or minimum evaluation values under constraints such as Linear Programming [1] . Although we used TOPSIS method because of its simplicity, we can consider the application of these techniques to multi-criteria decision making in order to get more sophisticated results suitable for specific situation, i.e. situational multi-criteria decision making.
Conclusion
This paper presents the application of attributed goal oriented analysis to supports of selecting alternatives from multi-criteria views. We have developed a support tool to construct attributed goal graphs and to evaluate the identified alternatives based on the attached attribute values and their evaluation results. Furthermore, we had two case studies; one is the selection of the requirements that will be implemented in a final product and another is the selection of software component sets for implementation.
The future research agenda can be listed up below. The changes of the selected requirements may propagate to the other requirements, and as a result, the preference of the alternatives may be changed. It is interesting and significant to develop this impact analysis by combining qualitative analysis with our quantitative approach.
Relationship among alternatives
Relationships among alternatives such as overlaps on two alternatives should be explored. Although a subgraph corresponding to each alternative is independently constructed and the attribute values are calculated for each sub-graph, the information on the relationships among alternatives could be useful to reduce computational costs by avoiding the multiple occurrences of the same calculations. In addition, if the stakeholders did not select the first candidate from the results of TOPSIS method, the relationships among alternatives could be useful to look for next candidates.
For example, we may be able to use the inclusion re- 
